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A RADIO RECEIVER AND A RADIO RECEIVER USING A DIRECT CONVERSION 

BACKGROUND OF THE INVENTION 



Field of the Invention 

5 

The present invention relates to a radio receiver which converts a radio frequency band signal Into a 
low frequency band signal and then converts it into a digital signal for demodulating the same or a radio 
receiver using a direct conversion. 

10 

Description of the Related Art 

An example of a first prior art receiver is shown in Fig. 28. The first prior art receiver converts the 
frequency of the received frequency-modulated signal into an intermediate frequency (IF) and thereafter 

is converts the IF signal into a digital signal by means of an A/D converter for conducting frequency band 
limitation, amplitude limitation and demodulation of the frequency-modulated signal by digital signal 
processing techniques. In Fig. 28, a received signal having a radio frequency falling in an RF band Including 
a plurality of channels Is inputted Into an RF amplifier 16 via an antenna. The received signal which Is 
amplified by an RF amplifier 16 is then inputted into a mixer 5. In a usual receiver, a band pass filter is 

20 interposed between the RF amplifier 16 and the mixer 5 for preliminarily selecting frequency modulated 
signals of all channels which are desired to be received. In the mixer 5, the frequency of the received signal 
is converted into an IF band depending on the frequency of a local oscillation signal from a local oscillator 6 
and the frequency of the received signal. The received signal, the frequency of which has been converted 
into an IF band, is amplified in an IF band variable gain amplifier 7 and is then converted into a digital 

25 signal by an A/D converter 10. Since an over-input level of the inputted signal causos the A/D converter 10 
to be saturated to generate distortion In the received signal, the gain of the IF band variable gain amplifier 7 
is changed via a gain controller 8 depending upon the output level of the IF band variable gain amplifier 7 
which is detected by a level detector 9. In such a manner, the input level of the A/D converter 10 is 
controlled so that it will not exceed a preset value. Although signal level may be expressed by effective 

30 value or wave height value and what Is expressed by the output value is different depending upon the 
configuration of the circuit of the level detector, the level is expressed by effective value herein for 
convenience of description. Following digital signal level will be similarly expressed. 

The received signal which has been converted into a digital signal by the A/D converter 10 is then 
inputted into a digital filter 11 at which only a signal which is desired to be modulated (hereinafter referred 

35 to as desired signal) is selected from a plurality of channels. The desired signal is subject to amplitude 
limitation suitable for the characteristics of the demodulator before the desired signal which is an output of 
the digital filter 11 is applied to the modulator 14. The output of the digital filter 11 is inputted to a digital 
level detector 13 for limiting the amplitude of the desired signal by a limiter 12 by using the result of the 
level detection of the digital level detector 13. The desired signal, the amplitude of which has been limited, 

40 Is Inputted to the modulator 14 fur demodulation. 

A second prior art radio receiver is described in IEEE, Proc. Vol. 129, Pt, F, No. 1 (1982. 2) pp. 2 
through 6, A basic structure of a direct conversion receiver is shown in Fig. 30. A received signal including 
a plurality of channels is inputted from an antenna via an input terminal 1 to an RF amplifier 20. The 
received signal which is amplified by the RF amplifier 20 is divided into two signals and the divided signals 

45 are Inputted to two mixers 51 and 5Q, respectively. A local oscillator 6 generates a local oscillation signal 
having an oscillation frequency substantially equal to a carrier frequency of a signal of a channel which is 
desired to be received (hereinafter referred to as desired signal). Trie local oscillation signal is splitted into 
two signals and phase-shifted by a splitter and phase shifter 104 so that the split two oscillation signals are 
90* out of phase. Trie mixers 51 and 5Q conduct frequency conversion of split two received signals 

so outputted from the RF amplifier 20 by mixing them with two output signals from the splitter and phase 
shifter 104. Two received signals which have been subject to frequency conversion are amplified by 
Intermediate frequency amplifiers 211 and 21 Q and then are subject to frequency band limitation by low- 
pass filters 22! and 22Q for selecting desired signals. Two desired signals which have been selected by the 
low-pass filters 221 and 22Q are subjected to amplitude limitation depending upon the characteristics of a 

modulator by o limiter 23. Two desired signals having a limited amplitude oro inputted to the demodulator 
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24 for demodulating the received signals and the demodulated signals are outputted from an ou^rt 
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SUMMARY OF THE INVENTION 



Although above-mentioned prior art of the flrst and second receivers takes a measure for an 
to the analog-to-digHal converter 10. it takes no measure for an over-input totte RF amptafier 16 and the 
miver 5 Accordinalv it invttes various problems which will be hereafter descnbed. 

"nputio-~uS cnarac^ristlcs .„ agnatic gain centre, at an intermediate frequency in the pnor art as 
merrtoned aboie will be described. Fig. 29 concerns with a system including the Intermediate frequency 
«££ 7 which is sUcted to a usual automatic gain control for illustrating the reiadon 
beSeTflw radio frequency input signal level at the input terminal 1 and the rad,o frequency Input s.gnal 
KKtff iSmieSStod frequency band variaoie gain ampllfler 7. Abscissa denote, a rad,o frequency 
Ci aToXte denote an intermediate frequency output level. Specifically the levels Respond 
to L radio frequency input level at the radio frequency amplifier 16 and the intermediate frequency outout 
teve! of the intermediate frequency variable gain amplifier 7 In Fig. 28. respectively. Description of unit in 

Fig. 29 is omitted since Fig. 29 is a schematic view. . . .„ 

9 When the radio frequency input level Is low. the gain controller 8 does not carry out gain '^nfroTtothe 
intermediate frequency band variable gain amplifier 7. resulting in that linearity of the Input-to-output 
characteristics is maintained until the radio frequency input level reaches A point as shown in Fig. 29. 

When the radio frequency input level exceeds a point A that is, the intermediate frequency reaches a 
point B the level detector 9 and the gain controller 8 changes the gain of the intermediate frequency ga.n 
variable amplifier 7 so that the intermediate frequency output level will not exceed the point B. In tti.s case, 
the basic operation of the automatic gain control comprises providing the gain controller 8 with Inlormation 
for lowering the gain of the IF band variable gain amplifier 7 when the IF output level which is detected by 
the level detector 9 exceeds a value corresponding to point B of the IF output level. The gain controller 8 
receives information from the level detector 9 for operating the IF band variable gain amplifier 7 to tower the 
qain of the IF band variable gain amplifier 7. When the IF output level is lower then the point b by tno 
above-mentioned gain control operation, the level detector 9 provides the gain controller 8 with information 
for increasing the gain of the IF band variable gain amplifier 7. Thus, the IF output level is fixed at the ^ point 
B by the above-mentioned gain control loop. The IF output level may be fixed at the point B vnlhin the 
variable gain range of the IF band variable gain amplifier If the RF input level is above the point A There 
will be transient areas of gain control before and after the point A in a practical circuit 

Since the above-mentioned automatic gain control Is performed before selection of a desired signal, 
output level control is performed for mixed signals on a plurality of channels. 

Accordingly, if the input level of a desired signal is low and the Input level of received slgnate on other 
channels (hereafter referred to as undesired .signals) Is high, and me points A and B shown in Fig. 29 are 
preset at a low level, gain control of the IF band variable gain amplifier 7 is performed depending on the 
level of undesired signals, resulting In that the output level of a desired signal is suppressed as well as 
those of undesired signals and the reception sensitivity will be lowered. Therefore, the gain control range 
should be preset by considering decrease in sensitivity of the receiver. 

Influence of inter-modulation will now be described. Amplification and frequency conversion of mixed 
received signals on a plurality of channels newly generates undesired signals due to intor-modulotion. For 
simplicity of explanation, influence of Inter-modulatlon will be described with reference to mixed signals 
including signals on three channels. It is assumed that a desired signal D, has a carrier frequency of f,. 
undesired signals y, and v 2 have carrier frequencies f 2 and f 3 . respectively, and the carrier frequences are 
equally spaced and have a relation as follows: 
f1< f2 < f3 

Only 2 tertiary components are taken out from intermodulated signals generated with two undesired signals 
and may be represented as follows: 
fi1 = 2f2-f3 = f2-df = f1 
fi2 = 2f3 - f2 = f2 + dt 
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